We have examined relativistic nuclei of krypton, xenon, holmium, and gold, accelerated in a partially stripped state to a maximum rigidity of about 5.6 GeV, interacting with targets of aluminum, carbon, and polyethylene. For each projectile and target combination we determined the total and partial charge changing cross sections for the production of lighter fragments. From these measurements we have developed a new representation of the dependence of the total charge changing cross sections on beam and target charge. We have also identified simple representations of the variation of the partial cross sections with the charge of the produced fragments and shown that they are dependent on the charge and energy of the beam. The fission of gold nuclei at high energies in these various targets has also been studied.
I. INTRODUCTION
The interactions of relativistic heavy nuclei with target nuclei can lead to the copious release of residual fragments which have not been significantly affected in the interaction; the so called "spectator" nuclei. This paper is specifically concerned with the peripheral collisions during which these spectator nuclei are most abundantly produced. In this it differs from those studies of relativistic interactions of nuclei which are more concerned with the phenomena that occur during central collisions when the nuclei are totally disrupted. The initial objective of this study was to gain a better understanding of the passage of heavy nuclei through matter, specifically in relation to the problem of the propagation of very heavy cosmic ray nuclei through the interstellar medium and through material in and around cosmic ray detectors. In addition, we hoped to obtain a better understanding of the nuclear physics involved in these peripheral collisions. In this paper we have restricted our attention mainly to the nuclear physics aspects of the experimental results and deferred discussion of their application to the problem of cosmic ray propagation to a later paper.
In order to make an exact calculation of propagation, it is necessary to know the production cross sections of every nuclide from every heavier nuclide in interactions in the medium. In the past the required values have been predicted by using the semiempirical fits to crosssection data developed by Silberberg and Tsao. ' These fits are based on data from proton bombardment of heavy targets (p-A ) , and depend on measurements of the yields of individual unstable isotopes, rather than on element yields. Since our measured cross sections differ appreciably from those predicted, calculations of propagation would be improved if we could replace these relatively inaccurate predicted cross sections with values based more directly on experimental data. Therefore, it is desirable to identify some relatively accurate systemat- 
II. EXPERIMENTAL
The configuration of detectors adopted for the Bevalac exposure is shown in Fig. 1~The beam of nuclei was incident on an external multi-wire proportional counter (MWPC) and then passed through an array of parallel plate ionization chambers, I-1 to I-6, and a Cherenkov detector, arranged as shown in Fig. 1 Fig. 2(a) . Also to be seen in this figure are the interactions in the Cherenkov detector, lying along the horizontal band, with the region between these two bands populated by Fig. 2(a) . band in Fig. 2(a) is illustrated in Fig. 3 . Table I The interaction mean free paths of the beam nuclei in the targets are determined from the relation
which cancels the terms due to the ion chambers and the Cherenkov detector. Rearranging gives
. (4) where Nz is the number of beam nuclei entering the target as determined by the initial selection, the x's are the thicknesses of the various materials, the A, 's are the mean free paths of the beam in those materials and the subscripts t, IC, and C refer to the target, ion chambers 3 and 4, and the Cherenkov detector, respectively. The corresponding expression for the blank run is
where the notation is the same as for Eq. (1). Taking the ratio of Eq. (1) Charge, Z Charge, Z For the targets with heavy nuclei, aluminum, and carbon, the variation in the cross sections, for 2 (AZ (20, cr(b, 
can be fitted with acceptable values of reduced g, Table   IV , by simple power law expressions of the form Fig. 11 shows the fraction of the total cross sections represented by these sums for gold nuclei on all targets. This figure shows that, as might be expected, the lighter the target the greater the probability of producing a fragment with a small AZ. It also shows that the partial cross sections directly measured in this experiment, for AZ &30, account for as much as 95% of the total cross section for gold on hydrogen, but only for about half of the total cross section for gold on carbon or aluminum.
The values of the reduced X found for the exponential fits, Figure 12 shows, for example, the variation in rro(26, 1) and bo (26, 1) Ao derived from the data of Webber (Ref, 10) for iron nuclei on a hydrogen target. (b) The energy dependence of the fitting parameter oo derived from the data of Webber (Ref. 10) for iron nuclei on a hydrogen target. Fig. 13 , which illustrates the energy dependence of the cross sections for several isotopes of small b, Z, Fig. 13(a) , and large b, Z, Fig. 13(b) iron nuclei at several energies directly comparable with those of our data. The differences in Xo(Z~, ZT) for two projectiles at the same energy then represent the charge dependence of Xo(Z&, ZT) at that particular energy. In Fig. 15(a) Fig. 16(a) . (b) Fitting parameter Ao(Z&, ZT) as a function of beam charge, Z&, for hydrogen and polyethylene targets. Each value for our data is connected to an iron value of the same energy, with an error similar to those on the iron data points, as deduced from Fig. 16(b) . sumption that has been made in our cosmic ray propagation studies and applied to the HEAO data by Binns et al. ' and Brewster et al. , ' where we assumed that the cross-sections were energy independent.
From our discussion here, and from the p-A data, ' we have to conclude that this assumption can probably no longer be justified, although it should not significantly affect our major conclusions, since the majority of the nuclei in the HEAO data set are of quite high energy where the cross sections should have reached asymptotic values, which, although not necessarily the ones we assumed, should not show major systematic differences.
D. Fission cross sections
While the majority of the cross sections show a steady decrease with increasing charge change, the gold cross sections, e.g. , see Fig. 10 , show a clear rise to a peak at a AZ of about 25 beginning at a AZ of about 20. This peak can be attributed to the fission of energetic gold nuclei which would result in the production of two heavy nuclei whose summed charges would be close to that of the primary gold nucleus, giving a signal in our detectors corresponding to that of a single particle with an apparent charge of between 50 and 55, or a AZ of between 29 and 24. The observation of individual charge peaks in this region, Fig. 18 
